University (Katsura compus, Nishikyo-ku, Kyoto 615-8540, Japan) 2 Member of JSCE, Dr. of Eng., Prof., DPRI, Kyoto University (Yoko-oji, Fushimi, Kyoto 612-8235, Japan) 3 Member of JSCE, Dr. of Eng., Assoc. Prof., DPRI, Kyoto University (Yoko-oji, Fushimi, Kyoto 612-8235, Japan) 4 Member of JSCE, Dr. of Eng., Assis. Prof., DPRI, Kyoto University (Yoko-oji, Fushimi, Kyoto 612-8235, Japan) Recently, there have been a lot of numerical models for prediction of urban inundation damage due to the climate change and heavy rainfall by using the combined drainage system. However, it is very difficult to estimate how much of discharge on the ground surface is drained through storm drains. Also, discharge coefficient of each formula is different depending on research groups. Hence in this study, laboratory scale experiments which can be fundamental experiments to measure the inlet discharge coefficients of weir and orifice into the storm drain are carried out and they could be divided into submerged and non-submerged cases. From the comparison between experimental and simulation data, each coefficients show good agreement in all the cases of steady state.
INTRODUCTION
Urban inundation due to the climate change is a serious problem for many cities worldwide. Therefore, it is important to accurately simulate urban hydrological processes and efficiently predict the potential risks of urban floods for the improvement of drainage designs and implementation of emergency actions 1) . In order to solve these kinds of problems, numerical simulation models of flood inundation in urban environments with two-dimensional models have become more popular in the last few years 2) . However, the urban environment is highly heterogeneous in terms of land use, drainage systems, and other factors which influence the processes of the water cycle, including rainfall, surface runoff, infiltration and movement of water in the subsoils, interaction between surface water and groundwater, interaction between the drainage network and groundwater, and evapotranspiration 3) . In addition to these complex interactions, there is a well-recognised lack of experimental data to validate and compare the performance of flood inundation models, most studies of urban flooding being devoted to model sensitivity analysis 4) . The sewer system is one of the most important factors in urban flood inundation models and the inlet discharge through the storm drains is also very important data as an input data of sewer system. Many previous researchers who performed urban inundation research used weir and orifice formula when they calculated inlet discharge through the storm drains. These formulas could be divided as submerged(orifice) and non-submerged(weir) case respectively. There are several forms of the weir and orifice discharge equation. Eqs. (1a) and (1b) show the general form of weir equation.
in which, Q is the discharge, dw C is the discharge coefficient for the weir, L is the length of the weir, t Both equations are widely accepted and commonly used. However it is occasionally very difficult to apply suitable coefficient value because the different values of weir and orifice coefficients were suggested by each researcher and usually they assumed that the velocity head term was zero in Eq.(1b). Therefore, if we can find suitable coefficient which can consider velocity head by the experimental data, it could be criteria and extensively used. Chanson et. al. 5) suggested the relations to distinguish the weir and orifice equation which is verified on their experiment about the unsteady two-dimensional orifice flow and that relation is In this study, fundamental experiments to measure the inlet discharge coefficients of weir and orifice into the storm drain are carried out. At first, storm drain covers are divided into square and grid type and then the influence of both shapes is analyzed. Secondly, it is suggested that 0 / b H t is 0.5 as a criteria which can divide a weir and an orifice flow and then, in order to consider the velocity head, the front total head of storm drain is assumed that is a total head of the storm drain using the Bernoulli's equation because it is very difficult to measure velocity on the storm drain because of the interaction near the storm drain. Finally, application of the relation which is suggested by this study is evaluated by comparing the experimental data and simulation results and then, new weir and orifice coefficients are suggested based on experimental data.
EXPERIMENTAL SETUP
A scale model was constructed in order to determine the weir and orifice coefficients which can be applied for urban inundation modeling. Fig. 1 and Fig. 2 show the experimental setup which consists of three parts; ground surface part, lower-layer part and storm drain part. Fig. 3 shows each storm drain cover shape which is used in this experiment. The thickness of grid type cover is 2mm and total length of both storm drain covers, Fig. 3(a) and (b), is same as 0.1m×0.05m. Experimental scale is assumed to be 1/10 and Table 1 shows ratios between real scale and experimental scale based on similarity law of Froude. The width of the channel is 5.0m and the experimental model uses a 0.5m width, creating a model scale ratio of 1/10 and (4)) mean the measuring points of the velocity and water depth. The lower-layer part starts from under the storm drain cover and has a flat basin of 2.2m long, 0.5m wide and 0.12m height and drained discharge flow through the lower-layer and measured by the V-shape weir. The storm drain is located in the vertical center of the channel and about 3.8m from the upstream. The flow source is a constant head and is controlled by a circulating pump valve. The input discharge is measured using a V-shape weir from the constant head reservoir in upstream and inlet discharge through the storm drain is measured using a V-shape weir in the downstream.
Stormwater stored in the downstream reservoir is pumped up to the upstream end and added as the inflow discharge from the upstream. Two kinds of storm drain covers(square and grid) are used to determine the discharge coefficient.
The experimental procedure is relatively straightforward. The variables for each storm drain cover shape are input discharge. A series of discharges is established to determine the each discharge coefficient d C . The initially closed control valve is opened and waited until the increased flow could no longer increased and make steady state condition, and then input discharge and inlets discharge are measured by the each point gauge at the upstream and downstream. After measuring the discharge, water depth of strategic places which is already mentioned is measured by point gauge and mean velocity is calculated by using the continuity equation and then the total head of strategic point (2) in Fig. 2 is assumed that is a total head on the storm drain.
EXPERIMENTAL RESULTS
Several observations around the storm drain were made regarding the change of upstream discharge. The trajectory of the water around the storm drain was similar to weir flow when the discharge of upstream was small because there was no free surface on the storm drain, then it turned out looked like the orifice flow when upstream discharge was increased. With the change of surface on the storm drain, this observation implies that the formula could be divided by the Eq.(1a) and Eq.(2a), and also both equations could be applied when we calculate the inlet discharge into storm drain. In the experiments of this study, inundation process of drainage flow was made to happen by controlling the circulation pump valve. Two types of experiments were carried out and 
NUMERICAL SIMULATION
Numerical simulation model used here is the modified model of Kawaike et. al. 6) , which consists of horizontal 2D inundation flow model and 2D lower-layer flow model, and estimates interaction flow discharge between the ground surface and lower-layer flow using Eq.(1a) and Eq.(2a).
(1) 2D inundation flow model
The governing equations used for 2D inundation flow model are as follows.
where h is water depth, H is water level, u, v are x, y directional velocity, M (=uh), N (=vh) are x, y directional flow flux, q sew is drainage flow discharge from the ground surface to the sewerage system per unit area (if its value is negative, that means surcharge flow discharge) and it is only calculated on the storm drain grid, g is gravity acceleration, n is Manning's roughness coefficient. Compu-tational meshes are rectangular shape (x=10cm, y=10cm) and FDM is adopted. Computational meshes are also rectangular shape (x=10cm, y=10cm) and FDM is adopted.
(3) Interaction model between the ground surface and lower-layer
Stormwater on the ground surface computational mesh with storm drain is drained into the lower-layer. That drained discharge is estimated by the Eq. (7) and Eq. (8). The important point here is that the water depth h is used instead of total water head t H for the simulation because it was very difficult to measure the water depth on the storm drain by interference around storm drain in the experiment also that is why the t H of strategic point (2) is assumed that is a t H on the storm drain. Besides, using the water depth h make the simulation model to avoid numerical instability. and there was no free surface when the water depth was very shallow. Therefore, every analysis uses total head but in the simulation, it is assumed that total head is water depth. The discharge coefficients of weir and orifice are applied by the experiment results and stormwater is supposed to be immediately drained into the lower-layer. The drainage discharge is estimated by the following formula. In the case of
In the case of
where h is the water depth on the storm drain mesh.
COMPARISION OF SIMULATION AND EXPERIMENTAL RESULTS
Performing a dimensional analysis and assuming high Reynolds numbers so that the effect of fluid viscosity is negligible. The weir formula discharge coefficient and the orifice formula discharge coefficient are directly determined by Eq. (9) and Eq. (10). 9) is a total head at the strategic point (2) in Fig. 2 , but we can assume that is a total head on the storm drain by the Bernoulli's equation .  Fig. 4 presents the experimental results in a constant form with Eq. (9) and the data are well represented. It is difficult to detect the constant coefficient dw C from the presentation, but the effect of increasing the total head is slightly increased in the 5 . 0 / 0  b H t and decreased, and the influence was very small for the two different covers. Therefore, the weir coefficient is decided that is 0.381. Fig. 5 presents the experimental results in a constant form with Eq. (10). It is also difficult to detect the constant coefficient do C from the presentation, but according to the relation of by Chanson et. al. 5) , average value of the orifice discharge coefficient is decided that is 0.51. Fig. 6 presents comparison of the experimental and simulation result which is applied for each discharge coefficients of weir and orifice formula, but simulation result is approximately 1.5~14% smaller than experiment result because water depth was used instead of total head in the simulation. The 
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total head is always bigger than the water head. Therefore, it could be concluded that each coefficients were calculated slightly smaller. Hence, trial error method is applied in order to revise suitable coefficients and then suitable values were determined. Table 3 shows these values which were determined by trial error method. The weir coefficient changed from 0.378 to 0.48 and the orifice coefficient changed from 0.51 to 0.57 and Fig. 7 and Fig. 8 show corrected simulation results of square case and grid case, respectively. This simulation which is applied new discharge could get a good agreement with experiment results. The experimental and simulation results were compared. Fig. 9 illustrates the water depth in the 4 locations mentioned in Section 2 obtained by the laboratory measurements and from numerical model. Changed coefficients are used in this simulation. It can be observed that for the center line water depth, in the upstream and downstream of the storm drain, the differences are less than 1mm. An interesting factor to note here is that there is no significant difference between the square type and grid type coefficients. Generally, different shape have different coefficient when discharge is calculated by the weir or the orifice formula. The reason why they have same value of the coefficient could be judged that grid space is too big to represent its shape property.
From those results, in steady state cases, interaction model and corrected discharge coefficient used in this study was validated to reproduce water surface profile and inlet discharge into the sewer drain.
CONCLUSION AND FUTURE STUDY
In this study, in order to determine the stormwater interaction and new discharge coefficient which was based on the real experiment between the ground surface and lower-layer part, experiments were carried out and compared with simulation results using the square and gird type storm drain cover under the steady flow condition. The relation which was suggested by Chanson et. al. 5) was applied and validated to determine each weir and orifice coefficients as the non-submerged and submerged case. The weir discharge coefficient which was obtained through experiment data was initially 0.381, and orifice coefficient was 0.51. Although that relation which was suggested by Chanson et. al. 5) showed acceptable trend line, the simulation result was approximately 1.5 ~ 14% smaller than the experimental data when the initial values that were obtained by experiment data. Therefore each coefficient was changed by trial error method in order to revise each coefficient which can consider velocity head and they were decided that is dw C =0.48 and do C =0.57. Modified coefficients show acceptable results and the reason why each coefficient should be changed is judged that the water depth was used instead of total head in the simulation. It means that small value was used when both coefficients were analyzed. The water depth is always smaller than the total head.
An interesting factor to note here is that there is no significant difference between the square type and grid type coefficients. Generally, different shape have different coefficient when discharge is calculated by the Eq.(1a) or the Eq.(2a). The reason why they have same value of the coefficient could be judged that each grid space is too big to represent its shape property.
Therefore, in the next study, it is needed to estimate the application of these coefficients and to determine not only inlet discharge but also over flow discharge from sewerage system for the more accurate unban inundation simulation.
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